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Our knowledge on the benthic sedentary communities in the sublittoral region, 
especially along the coast of Japan, is not extensive, though marine fouling and 
intertidal communities have received more attention. The writer investigated over 
a period of three years the constitution and succession of the sedentary com-
munities on the surface of concrete-reefs submerged for the purpose of fisheries 
in the Inland Sea of Japan (Seto). 
Each of the concrete-reefs is formed of several tens of concrete-boxes which 
are about 1-1.5 m3 in dimension and have two windows in each side. The con-
crete-reefs investigated (R-{1) to (7)) were submerged in seven locations on the 
coast of the Inland Sea in summer or winter during 1955 to 1957 (Fig. 1). Depths 
of these locations were 20-35 m at R-(1) to (3) and {5), 40-45 m at R-(4) and 6-
0 
Fig. 1. Map of the Inland Sea of Japan. 
x : locations of the concrete-reefs investigated. 
@): location of the intake-tube of cooling water. 
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8 m at R- (6) and (7) . When the embayment degrees of these locations are 
estimated in consideration of t he known fauna and synthesis of the environmental 
factors, the location of R- (1), t hose of R- (2) to (4) , and those of R- (5) to (7) may 
be ranked respectively as the weak-middle, strong-middle and strong embayments. 
The investigation was carried out by employing divers every summer. Collec-
tion of the sedentary organisms was made by using quadrat-basket s, and t est 
concrete-panels submerged with the reefs. The fauna and stomach contents of 
the fishes which inhabited in or around the concrete-reefs were also investigated at 
the same time, but t hese results will be stated at another opportunity. 
The surface of all the concrete-reefs studied first became covered with fil ms of 
sedentary algae which consist ed chiefly of numerous diatoms soon after submergence 
of t he :.-eefs . Subsequently , t he communities dominat ed by groups of alga-
eating animals occurred in general within a half to one year after the submergence. 
Development of these earlier communities was greater at the reefs located in the 
weaker embayment area than those in the stronger one. 
The dominant species in these earlier communities was indistinct at R-(1), 
(2) and (5), Caprella acutijrons a t R.- (4) , and Hy droides norvegica an d Corophium 
sp. a t R-(6) and (7) . But t he younger bivalves and amphipods were found very 
abundantly at both of the R- (1) and (2), and the bryozoans also the same at the 
latter reef. The community was most scanty at R- (5), while there the t ube-
building polychaetes were abundant compared with other groups of organisms. 
The collecting a t R- (3) was begun the next summer. 
Of all the reefs and throughout t he present investigation, it was only at t he 
R- (1) t hat sea-weed was found in the community. Such a poor occurrence of the 
sea-weed has also been not ed in the sublittoral rock reefs in the Inland Sea, and it 
is considered that t his tendency may be connected with the embayment degree 
of t his sea . At R- (1), numerous young bivalves attached themselves aggregatively 
to t he root parts of t he young b rown alga, E isenia bicy clis. 
In the next seral stage observed about two years after t he reef submergence, 
the constitut ion of the communities showed pronounced changes at R- (1), (2) an d 
(5), but not so and development of t he communities was less progressive at R- (6) 
and (7). At the R-(1), the available space of the reef surfaces vvas completely 
occupied by t he Balanus tintinnabulum rosa population and t he barnacles attached 
t o each other making two to three layers. A great number of B . amphitrite com-
munis and other species of the sedentary organisms attached themsevles to the 
shell surface of B . t. rosa . The community of this reef showed the most luxuriant 
development among the reefs st udied. At ·R- (2) and (3), the bryozoan, 
Triphyllozoon philippinense, covered nearly the whole reef surface populating densely, 
but abundant occurrences of amphipods and clecapods on the bryozoan population 
at the latter showed a rather different const itut ion compared with the former. The 
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examination of R- (4) after the first survey could not be carried out being prevented 
by the great depth and strong water current in this location. At R- (5), the com-
munity was dominated by B . amphitrite alibicostatus and it included a large 
number of young bivalves. At R- (6) and (7), Hy droides population still kept the 
dominancy in the community, but the Corophium population diminished remark-
ably, and at R- (6) B . a. albicostat1-tS population began to increase. The development 
of the community was less flourishing at the reefs located in t he st rong embayment 
area, especially at R-(7), than at those in the weaker one. 
The examination of the seral stage about three years after the reef submergence 
could be made upon the communities at only R- (1) to (3). I n this sera! stage, the 
B . t. 1·osa population at R- (1) showed an excessive high density, and was the 
possible maximum for t he barnacles on the restricted space of the reef surface. 
Namely, the barnacles att ached to each other form ing three to five layers and they 
amounted to about 20 em on an average in height . A tremendous number of the 
acorn barnacles and other sessile organisms were found on the barnacle shells . At 
R- (2), t he community was still dominated by the Tri phyllozoon population, but 
these bryozoans showed considerable diminut ion compared with those of t he 
preceeding year. At R -(3), the bryozoan 
population reduced markedly and there were 
found a great number of the young bivalves 
and an occurrence of B. t. 1'0Sa population. 
There was found the following rela-
t ionship between the populat ion density 
and the growth form of shells of t he 
barnacle, B. t . rosa, at R-(1) as mentioned 
above. I n the lower denisty of t he popu-
lation a t the earlier seral stage about one 
year after the reef submergence, the shells 
of the barnacles were ordinarily conical in 
form (L0 ) . In the highly dense population 
at the later seral stage abo·ut two or three 
years after the submergence, the barnacles 
of the upper first layer attached themselves 
to t he upper lat eral side of those of the 
second layer, and their shells were elongated 
in form, especially in the opposite side to 
the latter shells (L1) . The barnacle shells 
of t he latter layer indicated a marked 
elongation in form, which became cylindrical 
(L 2) . And those of t he third layer which 
Fig. 2. Change in fo rm, with 
the population density, of t he sh ells 
of B . t. rosa . 
L
0 
: t he lo\\"er <lensit y , L 1 : t he 
upper 1st layer, L 2 : t he 2nd layer, 
L ,1 : t he 3rd layer , in the higher 
de nsity. 
164 T. ITO 
inhabited in the excessive overpopulation were elongated extremely and modified 
to trumpet-like form (L,). (Fig. 2). The majority of the barnacles below the thrid 
layer were broken so as to be unfit for measurement of the shell dimension at the 
time of collection and many dead individuals were found among them. 
When Huxley's equation of the allometric growth was adapted to the measure-
ments of the maximal height (H) and the largest diameter (D) of the shells of the 
J:>arnacles, the constant a and {J in the equations showed significant differences 
between L1 and L, in the second and the third years and between each of the 
formers and L,. These H /D relations of the barnacle shells of the respective years 
and layers are indicated by log flog plots and the allometric growth curves in Fig. 3. 
The tendency found in the growth form of the barnacle shells as explained above 
corresponds with the general consideration on the growth form of the barnacles 
described by Utinomi (1955) and with the statement on that of the rock barnacles 
by Kat6 et al. (1958), though the barnacles in the cited cases attached themselves 
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Fig. 3. Logjlog plots of H/D relation of the shells of B. t. rosa. The straight lines 
represent the allometric curve. 
A: 2 years later, B: 1 (L~) and 3 (~, L2 and L3) years later. 
The writer previously investigated the fouling community in the intake-
tube of cooling water of a chemical plant which is located on the shore of the 
Inland Sea, near Matsuyama (Fig. 1). In this case, the earlier community was 
dominated by the Corophium crassicorne population, but, about two years later, it 
was entirely replaced by the Mytilus edulis population and the other numerous 
sedentary organisms attached to these mussels. And the climax of the fouling 
community was always the Mytilus community without regard to the seasons of 
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renewal or clearing of the intake-tube and of attachment of the mussels. Such 
phenomenon concerning the M ytUus community has been widely known in the 
intake-tunnels and pipes of the steam stations and various· plants on the japanese 
coast and the Atlantic coast of North America, etc. (It6 and Kataoka, 1958). 
As was mentioned above, at the majority of the concrete-reefs and also in the 
intake-tube, the amphipods and young bivalves commonly and abundantly occurred 
in the earlier communities, but then, for the most cases, such organisms quite 
alternated with the different species of animals which predominated in the later 
sera! stages. These later communities at the reefs studied may be arranged in 
connection with the embayment degrees of the locations as follows: the weak-middle 
embayment- B. t. rosa community, the strong-middle embayment- Triphyltozoon 
philippinense community, and the strong embayment- Hydroides norvegica or B. 
a. albicostatus community. With reference to the relationship between the com-
munity and embayment degree, the writer previously observed the following 
phenomenon in the Inland Sea. The sedentary organisms were investigated on 
the different parts of a surface of a sunken submarine which was salvaged from 
the muddy sand bottom of about 61 m deep about ten years after sinking. On 
examination of the community, B. t. rosa which crowded in dense clusters as those 
at R-(1) predominated on the surface of the periscope subjected to the strong water 
current, the bryozoans, Crisutipora occ£dentatis and Diaperoecia scalaria, which grew 
luxuriantly, on the upper surface under the sunken condition of the ship, and the 
tube-building polychaete, Salmacina dysteri, making a large colony on the more 
sheltered surfase (It6, 1953). 
The whole above-stated evidences seem to indicate that the determination of 
of the sere and climax of the sedentary communities in the sublittoral region may 
be more strongly influenced by the embayment degree, viz. the synthesis of the 
marine environmental factors, than by the seasonal relation between the exposure 
of the substratum and the attachment of the organisms. And it is considered that 
some of the earlier inhabitants may be instrumental to the seating of the dominant 
organisms in the later seral stage and climax. This tendency has also been 
observed on the Mytilus habitats in the intertidal regions on the coast of California 
(Hewatt, 1935) and the Pacific coast of Japan (Hoshiai, 1958). 
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